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CONTROL OF RADIATIOX 

;.I . S. Livingston 

December 27, 1,367 

1. General Considerations: 

Radiation problems of the accelcretor involve personnel protection, 

damge to Imterials, and control of backgrouad intensities for cxpcriments. 

Personnel proto$tion hzs two aspects: exposnro to secondary radiations 

generated dving accelerstor operations, and exposure to residual radio- 

activity during essential maintenance and dcvclopnent sctititics. For the 

former, extensive shielding will be required around the accelerator housing, 

emergent beam runs and experixxntal targets. 

Exposure to residual radioectivity (Raa) induced in accelerator coupon- 

ents and the inside walls of enclosures is of prtiry concern, and will 

require some W-it&ion of beam currents during iilitial operations. Pt 

the Brookhaven AG.5 the nest serious nroblems of personnel exposure at 

present are those involving induced P'aa in the "hot spots" around internal 

targets. At the ZL, where the design beam oo~ver will be 200 times thrt of 

the AGS, as? of frill beam current could soon lead to Ras levels which rroritd 

forbid personnel accees. To the extent that some personnel access to the 

hot spots at the IiAL is required for essential rraintenance and develonment 

actititics, the Raa intensity should be kept below some practical lirit, 

so as not to expend unwisely the acceptable tolerance to radiation of the 

maintenance end develowent staff. 

Tke induced Xan ~4% fro3 bean spills in localized regiorx such ss 

the ejection straight section for the emergent bean, internal targets, etc. 

Around the rest of the ring the beam loss 3 expected to be small. It is 

at these localized hot spots where the probl.*zaf personnel exposure to Rce 

will be n?ost acute. Hovever, it is just at these locations where the 

problems of dcveloplncnt will be most severe. The bean spill at an extraction 

wea depends on percentqe of bezm 10~s; the bezmcurrent cltl be raised by 
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increasing extraction efficiency. At an internal target location the 

induced Raa depends on the effectiveness of local shie!ding wounk the 

target and the experinent. Acccl?rator cor;?oncnts downstrearn from the 

soil1 or tanyet will hnve the hichest F&a intensitiw; for tiirse,sp~cial 

quick-discoannct systems, local. shielding and rnnote hand!ing devices 

vii? be rcquircd to mininize exposure to'personnel. If intensities due 

to such hot conponents can be controlled, the whole-body exposure of 

personnel depends on the ambient Raa fron the rest of the accelerator 

and the wa‘lls of the enclosure. Tr!e take this ambient Raa intensity 

as the effective value for analysis of whole-body radiation exposure. 

If Raa intensity rises to excessive M!WS, the beam must be turned 

off for a. cool-dovm period sufficient for intensity to decay to acceptable 

levcle. After months of operntion the very long-lived activities build up 

to be a relctively lwge fraction of the residual Raa,,th& decay rates 

are slow, and long Cool-dam periods are required for signLficant d-creases 

in Raa intensity. The lengt!x of cool-dovn p-riods should be minimized 

to reduce off-tine ad incrczse b2a.m on-tine for expnriments. The problem 

is to balz".ce tha loss of beam ttie for cxperinents against the desire for 

high beam currents which l-&to excessive build-up of Raa. 

Analysis of th-se factors, coupled with gersonnel exposure lirzitztions, 

will ~ov-ide an estiazte of the maximum baxn currents which should be 

petitted during initial operations vhen sor.e persorael access is required 

for maintenwxr and development. The estim%tcd beax spill intensities can 

then be used to calculate the externa!. shielding required around hot ~rc~s~ 

to reduce external radiztion intensLties to acceptable levels. In athex 

"quiet" portions of the ring the %a wi!.l probably be low enough to allow 

adoonatc oersonnel wcess, and the exkrnal shi44ins can bo nuch less. 

However, in target areas, bea4unps and other wry hot areas, personnel 

must be denied access, all h?adling roust be repot=, and shielding must be 

provide.1 for the muirlrr anticinnted bean cm-nts. 
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2. Personnel Radia,tionbcsagcs: 

The mxixum pemissihle dose (XFD) for radiation mrkers is based 

on raccmcend~'t,ions by th? Intemntional Cowission for Radiologica! 

Pr&,ccticn which have been acce$ed and prolctigateri by thr: U.S. De.partment 

of Heal.th a.r.3 !~!elfare and the U.S. Sto::ic Encr,m~ Comission. Radiation 

workers of age N years are pcmitted an accmukited whole-body dose of 

5(M - 18) c. r I", with a mxinm cx~cswe of 3 rcn in any 3 ront:hs. This 

has customari3:y been interpreted a5 i@ying dose rates of 5 rm/yr, 

0.1 rem/l,~-hr week, or 2.5 mm+. Emever, thr established limit is 

that accmula~ted in 3 mnths, which we use as the mximm alloved value: 

1 l.W =- 3.0 rem/3 months. The mximm dose prmittrd to the e::+rcnitiqs 

(i.e., hrnck and forearm) is 25 rm/3 nonths. It is ex~ectcd that local 

body shie!ds wi!lbe ussd to rcciuce t‘ne whole-%dy dose to the 1,m above. 

Certa?n types of activities can bo disfin~&+.cd involving different 

personnel , for whom length and frequencies gf cx~csurc can differ. For 

mainten& staff on a week>~ schcdxle, for ma?p!.e, the 1r.b. dcse in a 

single veek>~ exposure sho~~ld not exceed 3.23 rem. For ae~do~~~~ent staff 

anticipating no more than 1 exposure per month the liritation should ‘ce 

1.0 r?n. The cmergcncy mximm for ar.y single expcs~~~~ should never 

exceed 3.0 rem, The n~~?mr of successive eqosures is lkitcd by the age 

of the individual. For a person of age 18 the ymrly accu?ulaticn most net 

exceed 5.0 rem/yr; he would be rcstrictcd to 22 ~~1:ly dcszs Of 0.23 rem &.oz- 

ear, irith no'~imre th@ 13 in any me 3-month period. A person of age 33 

without previous radktim exposure would be allwed 12.0 rcl/yr for G y?~.~s, 

then reducing to 5.0 rem/yezr. The time schedulin,g of loses to stay within 

the Frmittxl accwxlnted dose ?t age K ycam will be the ros?cnsibi>ity of 

the Radiation Safety Division of the Laboratory. 
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The pcrmissihlr dose levels given above dcterxine the time d.x-ticn 

of single exposures at a given *a.intensity level. 'rlhen access by unshicl+i 

personnel is rcquircd (which we define as phape I), lc~els Ewt he lox to 

allc~v prxtic.al working timns. A typical activ:ty night be to rcmcve a hot 

comxncnt (i.e. a nagnct septu!) Andy rc?lace with an improved nodel. !. 

sequence of operations night bc involccd, using different opcratcrs, such cs 

disconnection gf electrical, vatcr and vacuum circuits, installation of 

profcrmd shicldin:: and removal of Ilot corrponents, placement of local body 

shielding, ad 9 sequence of tool mnninulatigns. The ambient Raa intensit&' 

at the working locaticn of each operator vi?1 dctcr:?ine the exposure times. 

If the activity can be perfor-cd from within a shielded vehicle (phase I$ 

the shielding factor will allow a higher nutcrnal Raa intensity. In the 

LRL Design Stzdy a shielded vehicle wit.3 4.5-inch B walls is repoficd to 

give a shielding factor of 4.6 x lo-'. With thicker Fb walls and further 

develqment we assw.e that a factor of 1.0 x lo-* can be achtevcd. HOGV9, 

other li:-itaticns are involved, such as the longer tizcs needed for n~nip 

ulations fro!:? within a shFelded vehicle. 

In Table 1 vc list t:qCcal personnel exposure tl:res for phase I and 

phase II activities, fcr the 3 classes of workers described above, and for 

selected Raa intensity levels: 

Table 1. Fersonncl Ezqosure Ti;;es 

Raa Intcn: 
(m/h) 

Shielding Weekly Hainten: 
Factor: 

Xcnthly Develou: Emerg. T&x.: 
(0.23 rem/w&) (1.0 rem/month) 

Phase 1: (urshic!dc;) 
(3.0 rem/3 ~0.) 

1.0 rcm/hr 1.0 I.& tin 1.0 hr 3.0 hr 

5.0 rem/hr 1.0 2.8 Din 12. mi;l 36. nin 

Phase II: (shie?ded vehicle) 

50 rdhr 1 x 162 28 min 2.0 hr 6.0 hr 

loo rm/hr 1 x10-2 LJ+mh 1.0 hr 3.0 hr 
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3. Distribution of Raa Intensity: 

In the main acccl-rator ring the hot spots will be local~ized in 

regions v'ncrc beam spills occur, primrily at the ejection straight and 

around the internal target. Cther hot spots my be associated with clean-up 

targets l.ccs.ted in mcdim straights. h;xJ a less intense hot spot my develop 

at the injection straight due to spills of the 10-GcV injected bear. 

Losses can he expected to be very small (< 0.13: total)srcund the rest 

of the ring. 

When high-energy crotcns arc diver-ted out of the orbit by pulsed 

ejection fields and strike a deflecting magnet septucl or other obstacle, 

they create a nuclear cascade or shover. The cascade builds up to nx?xir,um 

intensity (maxiwm number of ionizing secondaries) within a few interaction 

lengths of mterial (fh-cm a few inches to 6 inch-s of Fe, depending on energy), 

and then attenuates with a l/e decay length of about 130 gin/cm' of matter. 
another 

For exarqle, forward intensity is reduced to 15 in abcut'2.2 ft of iron 
Of 
& 7 ft of norrral concrete. The highest energy particles, both prinaq 

and secondary, form arforward jet with sres.11 angular spread, typically within 

l0mradis.n at 200 CeV. Lover energy scconderics spray cjut laterally frcn 

thisrjet with a brwdcr an,&Lar distribution. The nest penetrating of the 

secondaries ejected transversely are fast neutrons of LlOO-IW energy; 

the intensity of these fast neutrons dcterCnes the thickness and type of 

shielding reqired around the hot arra to reduce external intensity to 

acceptable levels during operations. A wry great number of lower energy 

secondaries are produced in the nnterial traversed by the shover, incl.uding 

slo1.1 neutrons. The Raa developed in accelcrstcr conponents owes largely 

frorr. Raa spa!!ation producedby the vcq high energy particles. The Raa 

in the walls of the. enclosure cones largely fror slow neutrons in equili‘:rium 

with the lower energy secondaries. The total number of secondaries, and%c 
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res$tnnt total Raa intensity within the enclosure, arc closely propOrtiona 

t,o the t&al povcr in the be?.il spilf. 

The hot 2rrea docmstrem frown a beam spill is limited in extent. If a 

casca,de jet ori@ra~tcs in end traverses solid Ixiteria!., the prodUCtiOn Of 
primarily 

ep]~lation Raa is'localircd in the region of c13.jor attaxation of the jet, 

which is less than 10 ft in length. :Xigh enerr~ srcondnries which merge 

transversely from the solid material, but have a fonkrd direction, extend 

the Raa further downstram. At the Brookhwen ACS (30 GcV) the R&J, drops 
beyond 

to about half intensity at !5 ft.Grrt~ the target location. At 200 GeV the 

angulsr distribution will be ~ore sharply forvard,with the opening angle 

decreased by the ratio of energies or by a factor of about l/7. Depending 

ofi the transverse shielding arwxd the jet, the rajor deposition of Raa 

may cxt,end dol.mstre&? for a distance of aboat 100 ??t. Thz fast neutrrns 

which emerge transversely will '-be zssociatcd with this distribution of 

spallation Sm. The region requiring thick external. shicldicg is lirited 

to this relatively Iocalizci hot s?ot. 

Another type of snill can occllr with thin tar&s or sr?tum ~lhcn the 
scattered 

'particlls are projected dobmstrezk through tyhe WCUU: chzxbcr or through air. 

M&t of these CZI? be cwglit on "cl.can~up" tar&&s at:,thk edges sf the 

aperture, and their spills confined to loc~~l regions beyond these t;Lrgke. 

Some tmy miss the clesn-up targets znd spray out qainst chxabcr walls, 

extending dovnstrllm for about+ betatron w~~el~~,$h or nbnut 250 ft. 

Again, the extent is ltiited and e.ticrnal s'hieldin- is needed only around 

the hot soot. If the acwlcrator is mistuxcd the location of spills can be 

observed by r&dintion monitors instzllcd in the ring, and the o?bits can be 

corrected fron the contrcl console. The infrequency and lir:itcd time duration 

of such off-r?sonencc snills shon!;1 make thick ej;temnl shielding vnnece~saqr 

around these norrmlly "ouiet" portions of the ring. 
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Experience at several laborctorics confirms the expcct,?kion thnt 

total %a. intensity dcvC!opcd beyond a s?ill o? Carget is closely propor- 

tional to beam oo'Icr in the s?il~l, within the cnerey r;?:e whcrc nucleonic 

shovers arc dominnnt in attrnuztion of tiie beam. Thr proportionality fmtor 

is sffectcd by the che~icnl constitutents of materC1 in thr region lvhere 

the shower develo?s, and on the -ama?mt and arrangcnznt of transverse 

ghieldinz sromd the region of the shower. Expcri~~~ental evidence is owilzble 

only for energies up to 30 GeV. 

At the Broo%?vsn L"S, fo?la.ring long runs -.t enrr&s up to 30 GeV, 

at an average bcxn cu~ent of 4 x 1011 protons/.;ec, with 9% of the bco.m 

striking an internal target (10% lost &round tl:c orbit), the ambient Ran 

intensity within the (concrete) enclosure, when hot spots were locally 
observed to be 

shielded, tis'about 1 rem/br after a 48 hr cool-do1.m. In local re<iors close 

to (tool distance) nxjor hot SpotS 2nd without local shielding, the Rar_ 
-5 

intensities acre in the range 10 to 50 ren/%r. At thtiintcnsit; the 

hhndling of essential mintcnmce activities by the AGS operations ~oup 

without exceeding pxmissible emoswes 1::s been oneof the mjor nrob!.e?s. 

The beam paer spilled at the tn?grt was 1.9 kilowatt. The ambient Rm 

after I!$ 'hrs cool-dam, fo!Imin< lone runs, om be expressed 2s: 

Raa Int,en.(L* hr) = 0.52 rc&r p~~~~ilowxtt. 

In the ACS conversion program for higher intensity now in progross, 

the goal is for 2 x 1U12 p/set; at 33 i:eV and with 90% on tar&., beam 

power will be 9.5 kw. Th.e Raa intensl".y expected after 18 hrs is 5 rem/b, 

in agreement with the value of Ran pr kiloxltt given above. It is - 

expected that som minkaal personnel “mess can be alloved, x;ith mximm 

prece7>tions, for essential tasks tha+ cannot be hmdlpd by remote control. 
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Improvements cm c&tzinly be mde in the Rna pm ki7owntt in the 

200 GcV machine. S~l!~,?.tion products dor:instc the Rm in the dense metals UE~, 

br? accclcrztor cor??oncnts. The ambient %.a csn be reduced by thick transverse 

shielding around the areas of shover developr~cnt, or by xore effective loca 

shielding of exposed hot spots such a? upstream fzces of deflecting magnets 

or other cor:?onents. It is unlikely that the chwLcicn3. corposition (i.e., Fe, 

Gu;,steinless steel) can be zodificd to cti:e the s~llnticn Raa si,Tificzntl: 

In encl~osurc walls the induced Raa dua to slow neutrons is an importat 

corxxxxnt. Addition of scu!.l amounts of boron to the concxte eggregatc 

can reduced the slov neutron %.a; the fxtor by which this could reduce tine 

ambient F'aa level. is difficult to e&Gate and probably ~~11. 

Another possi',lc advantage at 200 Ge'i is the forvzrd-foldin< of the 

angular distri3ution of high-enww sscondvies, which night retain a lnrgcr 
dovnstre:. 

fraction within the w.cu11'~ ch?nber or eir beyond a septw, and so extend' 

the locations where s!lovers in solid w.ttcr c&&ate. The raximx~~ fzctor 

by which the Raa coulcl be lon@txdin?lly distributed along a strcight section 

ia t5c ratic of energies (7:l~frox 33:200 GcV). Ziowevcr, this spatial 

extens?~on can only be achieved with wrefufl design. 
at one point 

If the rxjor pvt, of 

the shover origin&-s'znd continues 'through solid material, the shoverwill 

be concentratsd in a re&ion not signifiw.nt,Ly lonzcr than for 30 G~V. 

'the r3 'uction of the ?aaa/l-x.~ lactor :ri?~l require continuous dcvelopent, 

especil-l!y fo?low?z~ the stsrt of 0?5rations. In the abscncc of any provable 

irprovemcnt at the present stage of desi-y, we will use the factor obtained 

from Brookhaven for estim.eting Raa intensities as a function of spill power. 
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5. Decay Ratcs,s.nd Cool-r~ovn Schcdulrs: 

The decay of induced R%a in a.hot area de-irnds oc the mtcria!s 

being activated, their diffrirmt actimtion cross-sections 2nd d?c?y mtcs, 
espxiGly 

and & on t!lr: build-:::, of very long-live:? ectivities. i!ith the rsiut.ures 

of mterirlp used in accel-rator con:&mts an4 enclosure wa?ls, the ohserver: 

decay r?tcs fro!? the severa! labomtorics ax ijghly variaWe and also tih~.n~e 

with tine. The best cxparimentel evidence at orescnt is fron the Erookh-:va 

AGS. After mnths of opcrztion at encrgics of 3Cr GeV vith en avcr?~e hem 

current of 2 x l$ protons/set, 2nd a cool-don prriod of 48 hrs, the 

ambient ?a~ vi',hin the insXc-t?rgct cnclosa3c ~8s obsemed to folio;: the 

relation: I = I, t -OeL (t in hours). This relztion is plotted in Fig. 1 

on R. log-log scale of rll3ive iiltcnsity vs. tim, c&xx&d bnckvard end 

arbitrarily nom~z!~izzd ct 1 hr and fannrd to lOA hrs. This restit is 

consistent and reprodxible only nfter V~,J long ruls at rel?tively,constrnt 

bcm crrmt, md onl~y fell-1~ir.g a rel?tiv@ lo:ig cool-do1.m period such ?.s 

L2 hrs. The'zttenu~tion factor due to decay -*cm 1 hr to 42 -hr, coxing frori 

this rx'ira?ol3tLon, is 0.21 ; at 44 hrs the further 'cir;c to decay to hxlf 

intensity (not the "half-!ifc") is over 2CO ks. It is clei:r that long-lived 

activiti-s have brcme mry significim t 7ft.m se7eml years ot opcxation. 

The L'1-hr cool-.:om is no‘r us.~l 2s a niainw / nt both the BrooYi~.ven AC6 

and C?Ei1 I??, associntc:! l:it!l bi-vee!clg nzintcrnnca s&&tiles. This long 

cool-DOLT is found ncccss.?ry due to the slow dccqy r;te ,?escribcd above. 

And both !rboretorics ewe now severely restricted k further dcvelopr~znt 

norL withi!, hot meas by the high %a lew?s even follming a L8-bz cool-dmnl. 

Years 0f aevei~on7ent t.0 minibe ~~~33~~~4,~ end achieve high reliabi!.ity 

have b? n required to allov such infreqwnt mintenmcc p*riods md long 

cool-hms. 
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Despite t,hc best, efforts in dcsipn and pln~nning, it SCWIS mli~ely 

that, the Ij.~I~ accrl -i-ntor cm achl& cq+.wl.ent re!~il,bi'itp unti!. .s"me 

tirre nftcr initial mmations start. Shorter raintcn2ncc scheddcs and 

sh,-,ecr coo]~-dmm 1:ricyls will be necessary and, for a. tix, a si&fic-nt 

fraction of b&h off-time r.nd beefi+ti::e must be apx>!ird to ~llcvcio?rr:ent. 

Durir.g these d-velo~xent activ;tics co"!-d"1.m -,. n-,riods of 1 hr for short 

jobs are indicated; for jobs requiring lonricr ?rrsonce!. access, longer 

cool-dolm c-riods ten bc a!!owed. The %~a intensity ix tine hot areas shotid 

be mi+&ined at Icve!~s such th3.t practice1 personnel cxposurrs can be 
a 

schedulrd after!1 hr coo'-do:.% 

6. P&imlun i?aa Intensity. and. Eean Current LipZtations: 

me ambient tia intensities.tihich al!~o~ prncticnl lengths of exposure 

time for the three cl-reses of persor~el dcscribc,i. nbovc, c.re listed in 
access 

Table 1, for unshielded access (phase I) ad'within e shie!?ed vehicle (phase II 

A genera]~ r"cox?endation nov fol~lovs based on the anc.ly-is of cool-doom rates 

discussed above. Fbr jccsss by unshielded pcrsoxxel after 1-k co"?-dovn, 

the Raa &tcnsit,y shry.Cd not exceed 5 rm/h?2; which 3irill decay to 1 rdhr 

aftrr LAB-hr cool-dwm. Referring to Table I, this wilU al~!o~v unshieldezl 

access for the tines listed for 5 m?./lr for the three cl3sszs of pcrsorzel; 

after 4%hr,',rith intensity.d&cayin~ to 1 

SMlrc l+its can he set for phsc II activities us315 a shielded vehicle. 
c+%r~Rh 

The &a intccsity should r,"t exceed lP0 rcm/hr, which zJ?jilL decay tr~l 20: re.$%r 
.a A 

after 44 hrs. This allovrshexposurc timcs afkr 1 hr given in the last row 

in Table 1; after 4c-hr cool-dam the tires vi?!~ he 5-tkcs longer. 

Some criterion mst bc found to establish Raa intensity levels resulti% 

in practical dw-ati0r.s of pcrso3nzl access for raintcnznca znd d?rclo>rezt 

activi.tics. Those descr%bed above ad Jisted in Trble 1 seem rexscnable. 
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The design beam current at the NAL at 200 GeV is 1.5 x Id-' protons/set; 

this reorcsents a total beam power of L.80 kilo:,!atts. It can be compared with 

the plst AGS output described carlicr of 1.9 hv on an inside target. 

Plans at NAL include ejection of a single emergent hoam, with switching 

magnets to direct the heaa against 3 or more targets. The efficiency of 
. 

the pulsed ejection magnets and the septuwtype deflection magnets which 

produce and control the emergent beam ,, will determine the percentage of 

: beam spill and the power in the spill in the ejection straight section. 

A long extraction period is desired to &end the extend the time 

duration of extraction over 1 set, or 25% duty cycle. The 'highest efficiency 

for long-pulse extraction achieved to dat e is about SO%, at the PS at CFRNj 

an improved system aimed at less than 10% loss is being installed at the AGS. 

Conceptual designs of an ejection system for the KU machine suggest a 

much higher efficienoy, with less than 2% spill 1.0s~ initially and 1; or 

lower with further development. In calculating the beam spill pour in the 

ejection straight we will use spill fractions of 0.1, 0.02 and '0.01 to 

represent successive improvcnents durin.g development. At an internal target 

the spill fraction is lx&en as 1.0 . In the abscncc of any conclusive 

evidence to the contrary, WC assume the same Raa intensity per kilowatt of 

beam pol.rer ohserve- in the AGS; E& Rca Inten 4?hr) = 0.52 rex/hr ? r 
.ilowG,tt. 

* 
&-Table 2 lists the Ran intensities to be expected after 1 hr and 4' hs, 

over the above range of spill fractions, at the design intensity: 

TklAe 2: Raa Intensitie at Design Be& C*ent: 
(1.5 x ls3 p/xc at 2CO GoV) 

Spill Fraction: Fewer: Raa Inten.: Raa Inten: 
(kw) (rem/hrj~'l hr (rem/hr) @ 48 hr 

1.0 (id. be0.m) 480. 1200. 250. 

:?.-0.1 (103 spill) 48. 120. 25. 

0.02 (2% spill) 9.6 2.4. 5.0 
0.01 (1% spill) 4.8 12. 2.5 
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We note from Teble 2 that the ambient Rna intcnsitiss enticipatcd 

at design hcam current and enerqy escccd those descri3cd above for phase I 

(unshicl~rle~;) activities. Cle:zly some reduction in beam current is necessq 

as long r^.s soric unshielded pcrsonncl wccss is required. l-&y months of 

deve!opment czn be anticipated to nchieve lover iiaa/lw and 10~1~r spill 

fractions. Until such developnents are successful, the berm current in 

long runs should be lixited. In Table 3 the ~~E&xE~ operating beam currents 

are Iistod which should restit in the allo~v~blc Ran intensity lirits 

descrihvd ahove for the two phases of actlv%tiJ: 

Tablc3. i~axir~xu3 o?eratiing Fe-a Currents 

Phase I: 
int. hesm 

Spi!,l 
fraction: 

1.0 

3.1 

0.02 

0.01 

Raa rnten: -7.h. 
(rcm/!lr) c 1 hr 

Beam povcr: Beam current: Fraction 
(hw) (p/see) of dasip 

emer.bcem 

encr.bcam 

err.cr.bcz.rr 

iFha II: 
id. bC."wn 

ener.bean 

ma-. hem 

e?Jer.hem 

1;o 

0.1 

0.02 

0.01 

5.0 

5.0 

5.0 

5.0 

100. 

100. 

21. 

12. 

2.0 

20. 

l-co. 

200. 

40.? 1.2 x 1012 

%+oo. 1.2 x 1013 

180. 1 . 5 x lo13 

480. 1.5 x 1013 

6 . 2 7: 1 lolo 0.004 

6.2 x lo= 0.04 

3.1 x lo= 0.21 

6.2 . x I.o~-~ 0.0 

0.08 

0.83 

1.0 

1.0 

From the above Table 3 we find th?t benn:zur%nt~,must be lkited 

for all levels of efficiency dtiing pkse I activties, and fo?;lar+efficiency 

extraction durir.g phase II (shiel-led ve'licle). The maxiran a!~!o~v%ble 
soil1 

bean'poaer foi- w&iel~le~~ personnel ~.cc?ss is 2.0 ki!ow&ts, corresponding 

to 2 Ria inte&ty C 1 hr of 5.5 rem/hr. 
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7. Shielding for Eat Arms:and the i%.n nine: 

If thr nnximum beam-spill paver is to be lixdtcd as indic,zted above, 

the intensity of fast neutrons and other secor,,".?ry r?di':tions genernted 

in the soil1 will be reduced in direct ?ropaiion to the snill pwer. 

This menns that the shie!ding reonired mound the hot a~reas is also 

reduced 'K!ov that needed if higiwmver s?il!~s mre to be clloved. 

The nar&tude of this minilml shie1dir.g cm be estimated from the 

observed radiation intensity outside the shield at the %S during orentions. 

In one aeasurem~mt outside the stzndard overhec2 sh?clding 0." 1 ft of concrete 

and 1.0 ft of sand (density 1.9 g/m 3 ), when the benix spiZ.1. power on an 

interml tzr,get KS l.9 kilow+.ts as described e1mve, the radirtim 

intensity rhove the shielding ms about 1.0 rerz/hr. I!ow, if the bezn ~$11 

power in a hot mea at the ML were lirited to 2,O kilowatt, in order to 

restrict the %a intensity to 5.0 rem/hr after 1 IF, the same amount of 

shielr'fng as used at the A!X wovM result in a radiz.tion intensity o@mide 

the shield of 0.1 rm/hr. This is l/30 of tii+ ;TiD fo? rodiztion workers 

for 3 months; a nerson exposed to this rac'i:tion for 1 hr bmvld receive 

a dose eqivalent to 3 days at the IZD rate. If s?i!l ?over were to be 

so l~iaited, and only '&is aim?& of shielding were i.nstf!lled, the judicious 

use of fences to keep staff may from the hot area regions col>Jd mrke this 

intensity acceptable. 

This is not intended to sugzest that t,he .X* shielding is xdeqmte for 

hot smts zt the IEL. Actx!ly, mch higher 5e.m spill pavers can be a-,?, 

will be used terporzrily at the L!kL, plrticu3ar1y during early stages of 

operation befcmz the long-lived .Rz..a's hzve developed. The shie1.d thickness 

to be installed should be deteminr 2 from the r;xi~m zt,lcip,?ted spins 

and fron attmxntion celculctions. 
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Another situ?tion deserTtin: nm!.ysis is the mdiation dose which 

would be given to a pwson on-ls2e-the shieldin? resl2ting from an 

accidental s>il!. of the entire bean at one p0ir.t in the orbit. Again, 

essme the s-me shiel~d thickness 2s at the AGS, of 1 ft concrete plus 

10 ft of smd, for which II. hem s?i?~l of 1.0 lTi!~o?:?ttg gave a radi?.tion 

intensity of 1.0 rem/bz outside the shield dming operations. The mximm 

design beam polver is 480 kilomtts. If one pdse at full Fntensity were 

acci$ent?!,ly sni!!ed the ensrpJ in the pulse ~oul,d be 4 times 480 or 

1,900 kilcj~oties/ptilse (at the cyc!.ing rate of 15 ~se&.nute). The 

time-nvercge radiation intensity outside the shield would be 4PO/!.9 

or 250 rem/h= or 0.07 rm/sec. The external radiation dose due to one 

pulse would be 4 tines 0.07 or 0.25 rem/oulse- This dose/pulse is 

less than l/10 of the ?ZD for 3 ronths, eqtimlent to S days e.xposme 

at the E*IZ~ rate. Consiclerin,g the low probabi!ity of such full-intensity 

acci5ecta.l spil!s, this dose is not excessive. So the shields thickness 

at the AG rmuld be (bare!~y) adw.uCe for protection aFirst single 

accidental sDi!!~s at the l:AL. , if instC!ed around the entire ring. 

These cxlcul?tions above bzsed on the shield thic!mess at the AGS 

are not to be taken as a recomendxtion for the use of such thin shielding 

at the KL. Rather, they me useful to illustrnte the special conditions 

descri%d above, in wlaich spi!~ls me lir::ited at a'1 t,L-zes to spill powers 

of 2.0 !-ilovtts, in order to avoid excessive build-uo of Rnn within the 

hot areas. 
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8. Rad%?tion Fol~icy ?uestions: 

The most si,Tificant result ok this amlysis 80 fa, is the concept 

it provides of a bwic nolicy a@yi_ng to radiation protection which 

differs markedly from past pmctice. Vith previous accelerators it h&s 

been custoa-iry to desi@ for ~*3.xii:wm possib1.e bea current and to direct 

devel~opments tcnwrd achievixg this resti~t ct the enr!iezt possible dc.te; 

beam spi3s and R.as were considered necesszry evils to be colntered by 

instnIl.etion of heavy shielfiinng 313 special h-mdling dc;vices. The snccess 

of AC synchrotrons such as the AGS and R in achieving be-m currents far 

greater than their design v;l.ues h?.s been grestl y appreciated by scientific 

users, but they have exceeded their d?si@z- a shielr',ing ad have reached 

unsafe levels in the build-up of induced RX%, to the extent t:hxt further 

efforts to ,improve benm-hnd1.ir.g efficiency are scvereiy handicapped. 

An alternate policy for the KX rccderztor vou1.d be to pkce first 

priority on the dsvelo?.-ent of bear, ejecticn 2nd hmdliq devices to 

increase efficiency xnd decrsxe spill losses , with berm currents meawhile 

limited tc al!.ar safe personae!. access for these continting develowents. 

Successful steps in this de-e!.orrent would be folkwed inedizkely by 

raising the alloved beam current litits. This anelysis suggests that 

ultirate SUCCESS in this deve1~orr.er.t can rensnrnbly be uticC;-.ted, and 

that the design beam current can be achieved,~without exceeding the IL-3 

intensities rewired for prxtical periods of personnel axess. Once 

this peal is achieved, the 3.x1 iztensitins in the hot r?reas need newr 

grow ebove 31~ levels est?hlished fo? ?xwxn~l s%fety z.?ncl further develop 

mats wi!~l be expedited. 
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Foll~3~ovir.g this alteril-te oo!ic~ of control of radiation, a high 

priority vi<.3 Fe given to ';he wrly develoument nnd testing of bea 

ejection and 5w.n handling deciccs. Ee?m cvn-ent villa be limited dvring 

initials oper:ztions to v?.lues v!iich will not produce Rln intensities gre:?ter 

th?n those specified to allow a przctic?l rzouxt of unshielded p~rsornel 

BCeeSS. Raa intensit;, will not .o e allowed to build UP to the values 

listed urder phxse II activitiss vjlti!. shielded vehicles ad tec!xnia.u-s 

for using them hnve bee;? deve!.oped pond tested. 

The earth fill shield:tig instnlled d>wing construction can be lirited 

to thrt available as back~fil!. from the ecrth excavated for the construction 

of the tunnel-shqed enc!.osure, redistributed to provirlc a uniform covering 

of the ring. Aside from factors such as stre;lgth of the enclosure 

stmct1u-es, costs for tine ewth-fi!l shieMing should not greatly exceed 

those for norme! bac!cfi!l. ihring early stages of onerzticn at lov be?m 

currents ) me%xrei;ents of rxdiztion intensity and of tine induced Ran shoul3.d 

identify uncmticip%te? s~i!.ls, where the e?Fth fi!!~ can be increased ;s 

needed. 

If this oolicy is accepted and c-rried out, it shnSd lead ult&ste?$T 

to an accelerator with such exce!lezt bez? control and hmdlinq system 

that spills around the ring wi!~l be rJnims.1 uld the build-up of induced Ra3 

wi?l never 5econ.e a serious threat to uersonnel~ access. 

I 
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